Context: Depression is associated with cognitive impairment and dementia. It is less clear whether depression contributes to further cognitive decline over time, independently of incipient dementia.
A FREQUENT CONCERN FOR clinicians is whether a depressed older adult's cognitiveimpairmentanddecline reflect an underlying dementia or can be explained solely by the depression. A substantial literature validates clinical observations that cognitive impairment often coexists with depression in elderly patients. [1] [2] [3] [4] [5] In nondemented individuals, both depression and cognitive decline are associated with subsequent onset of dementia. [6] [7] [8] [9] [10] [11] [12] Major depression has been associated with cognitive deficits that persist after the depression remits, 13, 14 but it is difficult to rule out confounding by incipient dementia, which may not become clinically manifest during the relatively short duration of most intervention studies. To determine whether depression itself independently predicts cognitive decline over time, it is essential to know whether dementia will develop in a given individual in the future.
In a representative, aging, communitybased cohort, previous epidemiological work from our group suggested that a high level of depressive symptoms was a prodromal stage rather than an independent risk factor for Alzheimer disease. 6 In the same cohort, we now focus on the association of depressive symptoms with subsequent decline in several cognitive domains, independent of the effect of incipient dementia. The availability of 12 years of follow-up data allowed us to detect and adjust our analytic models for subsequent incident dementia. In effect, we examined whether depressive symptoms at baseline predicted future cognitive decline among nondemented cohort members who remained dementia free during several years of follow-up (dementia-free group). For comparison, we addressed the same issue in the remaining cohort members in whom dementia subsequently developed (eventual-dementia group).
METHODS

STUDY SITE AND POPULATION
The Monongahela Valley Independent Elders Survey (MoVIES) was conducted from 1987 to 2002, in a population of low income and education levels in rural southwestern Pennsylvania. Sampling and recruitment procedures have been detailed previously. 15 Study procedures were approved annually by the institutional review board at the University of Pittsburgh, Pittsburgh, Pa. Entry criteria were being 65 years or older, living in the community at the time of recruitment, being fluent in English, and having at least a sixth-grade education. 15 A total of 1681 participants underwent assessment at study entry (wave 1, [1987] [1988] [1989] . These participants consisted of 1422 individuals randomly selected from the voter registration list and an additional 259 volunteers from the same area, all meeting the same entry criteria. 16 Our analytic models always include a term for recruitment status, indicating whether the individual was from the random or the volunteer subgroup at study entry. At approximately 2-year intervals thereafter, subjects underwent reevaluation in a series of data collection waves. Between waves 1 and 2, 340 individuals died, relocated, or dropped out.
Wave 2 (1989-1991) , when depression was assessed for the first time, served as the baseline for the present analyses. Cohort size at wave 2 was 1341; of these, we excluded 64 prevalent cases of dementia, ie, those with onset of dementia (see "Assessment of Dementia") before wave 2.
DEPRESSION ASSESSMENT
After providing written informed consent, subjects underwent in-home screening, including a modified Center for Epidemiological Studies-Depression Scale (mCES-D), 17, 18 with higher scores reflecting a greater number of depressive symptoms. The modification includes all 20 original CES-D items but asks about their presence during most of the preceding week in a yes/no format coded as 1/0, so that the maximum possible score is 20. Following standard epidemiological practice, we used an actuarial approach to defining abnormality, ie, a percentile-based cutoff derived on cohort norms, to identify the most depressed 10th of the sample. Because the distribution of mCES-D scores in this community-based cohort was skewed to the right, depression was treated as a categorical variable with the cutoff score at the cohort's 90th percentile, which was a score of 5. That is, participants reporting the presence of 5 or more depressive symptoms during most of the previous week were categorized as depressed. 18 Twelve participants with incomplete mCES-D data at baseline were excluded from these analyses. The mCES-D was administered at all waves, beginning with wave 2. In post hoc analyses, to capture stability of depressive symptoms over time, we further distinguished between transient depression (wave 2 only) and persistent depression (waves 2 and 3). Information about regular use of antidepressant drugs was obtained by self-report and inspection of medication bottle labels in the home. 19, 20 
COGNITIVE ASSESSMENT
The MoVIES cognitive screening battery, administered at each biennial visit, incorporated the neuropsychological panel of the Consortium to Establish a Registry for Alzheimer's Disease (CERAD). 21 This battery included the Mini-Mental State Examination (MMSE) 22 ; the immediate learning and delayed recall items of the 10-item CERAD Word List 22, 23 ; immediate retell and delayed recall of an 18-item story 24 ; initial letter fluency for the letters P and S
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; category fluency for the names of fruits and animals 26 ; the 15-item CERAD version of the Boston Naming Test 21, 27 ; the 4-item CERAD Constructional Praxis task 21, 23 ; the Clock Drawing Test 28 ; and Trail-Making Tests A and B. 29 Detailed descriptions of these tests and cross-sectional and longitudinal norms from the MoVIES cohort have been reported previously. [30] [31] [32] Tests were grouped according to cognitive domain and were based on conceptual grounds and previous factor analysis. 32 Composite cognitive scores were constructed by z-transforming the individual test scores using baseline means and standard deviations and averaging the z scores for each domain. The composites were designated as learning (immediate retell of the story and immediate learning of the word list), memory (delayed recall of the story and delayed recall of the word list), visuospatial ability (CERAD constructional praxis and clock drawing), language (CERAD version of the Boston Naming Test, initial letter fluency for the letters P and S, and category fluency for the names of fruits and animals), and executive function (Trail-Making Tests A and B), although we recognize that the Trail-Making Tests capture only some of the functions typically characterized as executive. The MMSE was not included in the composites but examined separately as a test of general mental status. The focus of the present analyses was scores over time (rate of change) on each composite and the MMSE during the length of time that each participant was involved in the study.
ASSESSMENT OF DEMENTIA
As previously described, 15, 33 participants operationally classified as cognitively impaired or declined on the basis of cognitive screening results were invited to undergo a clinical evaluation for dementia, following the assessment protocols established by CERAD 21 and the University of Pittsburgh Alzheimer Disease Research Center and modified for field use. Clinical evaluations were performed with the examiners blinded to screening cognitive scores. A consensus diagnosis process established or ruled out the diagnosis of dementia according to the DSM-III-R 34 and the stage of dementia according to the Clinical Dementia Rating Scale. Clinical Dementia Rating Scale scores (stages) of 0, 0.5, 1, 2, and 3 indicate no, questionable, mild, moderate, and severe dementia, respectively. 35 Based on all available evidence, a date of symptom onset was estimated in each case. 33 Participants receiving a Clinical Dementia Rating Scale score of 1 or more at wave 1 or wave 2 (prevalent cases at wave 2) were excluded. Incident dementia (Clinical Dementia Rating Scale score, Ն1) with onset subsequent to wave 2 was included as a covariate in the analyses, allowing us to compare these individuals with those who remained dementia free for the duration of their involvement in the study.
The cohort consisted of 1094 subjects who remained dementia free during follow-up (dementia-free group) and 171 subjects with eventual dementia (eventual-dementia group). The mean duration of follow-up from baseline to final assessment for each subject in these analyses varied across tests, but ranged from 1.9 to 11.8 years (mean follow-up, 7.4 years) in the dementia-free group. For the eventual-dementia group, the duration of follow-up ranged from 1.7 to 11.2 years (mean, 5.9 years; mean [SD] duration from baseline until estimated onset of dementia, 5.4 [3.1] years). For those classified as depressed (mCES-D, Ͼ4) at baseline, median (range) follow-up was 6.3 years (1.7-11.0 years); for those classified as nondepressed, 7.2 years (1.7-11.8 years).
STATISTICAL METHODS
Baseline characteristics of the cohort and subgroups were compared using t tests for continuous variables and 2 tests for categorical variables (2-tailed tests). In each of the dementia-free and eventual-dementia groups, means and standard deviations of baseline scores on each cognitive test were calculated for depressed and nondepressed subgroups. Annualized decline (crude change) on each test was calculated as the difference in scores between baseline and the final assessment for each subject, divided by the number of years that the subject was followed up until his or her final assessment (before follow-up was terminated by death, dropout, or end of the study).
The random-effects modeling approach assumes that each participant's pattern of scores over time on a given measure is explained by his or her covariate patterns (fixed effects), except for person-specific random effects. The baseline level of cognition is explicitly modeled as the intercept. For scores on each cognitive composite and MMSE, we used a single random-effects model 36 to examine the association of depressive symptoms with scores at the baseline and follow-up waves on that composite or the MMSE. Cognitive scores over time were modeled as a function of the following terms (coefficients) adjusted for age, sex, education, and recruitment status: depression (present or absent at baseline), time (years since baseline), incident dementia (present or absent), interaction terms depression ϫ time, dementia ϫ time, depression ϫ dementia, and depression ϫ dementia ϫ time. The model includes multiple terms; for simplicity, we focus herein on the terms directly relevant to examining the effect of depressive symptoms on baseline and longitudinal cognitive function in the dementia-free and eventualdementia groups. In effect, these are the terms that allow us to compare the depressed and nondepressed subgroups of the dementia-free and eventual-dementia groups.
For the dementia-free group, the term depression indicates the association between baseline depression and baseline cognitive score; the interaction term timeϫ depression indicates the effect of depression on the annual rate of cognitive change. The statistical significance of these terms is indicated by their P values in the random-effects models.
For the eventual-dementia group, the sum of the terms depression and depression ϫ dementia indicates the mean difference in baseline cognitive score associated with depression; the sum of the terms of depression ϫ time and dementia ϫ depression ϫ time indicates the effect of depression on the annual rate of cognitive change. The significance of these summed effects is determined by examining the difference in −2 log likelihood ratio statistics ( 2 test with 2df) before and after including the additional terms depression and depression ϫ dementia to examine the effect of depression on baseline scores and depression ϫ time and dementia ϫ depression ϫ time to examine the effect of depression on slope of decline.
Three sets of post hoc analyses were performed. First, for antidepressant use, the analyses were repeated, including as a covariate the regular use of antidepressant drugs at baseline. Second, for persistent vs transient depression, analyses were repeated for those with mCESD scores of 5 or more at wave 2 only (transient) and at waves 2 and 3 (persistent). Finally, for age as random effect, to account for the possibility that the effect of time (duration since study entry) might vary according to age, we fit the models again as mixed models treating chronological age as a random rather than a fixed covariate.
To assess model fit, model assumptions were examined analytically and graphically. All analyses were performed using SAS statistical software, version 8. 37 
RESULTS
SAMPLE SIZE AND CHARACTERISTICS
After excluding 12 participants with incomplete mCES-D data, cohort size at baseline (wave 2) was 1265 participants 67 years and older. Their mean (SD) age was 74.6 (5.3) years; 60.8% were women; and 61.0% had greater than a high school education. At baseline, the 1094 dementia-free participants were significantly younger (mean [SD] . During follow-up, the cohort experienced 50.4% overall mortality. In generalized estimating equations combining data from waves 2 through 6, depression was not significantly associated with mortality between successive waves (OR, 1.11; 95% CI, 0.85-1.37).
BASELINE TEST SCORES (CROSS-SECTIONAL) IN DEPRESSED AND NONDEPRESSED SUBGROUPS
Mean scores at baseline on each cognitive test were calculated in depressed and nondepressed subgroups of the dementia-free and eventual-dementia groups that constituted our cohort ( Table 1) . Mean baseline scores on all tests were significantly lower in the eventualdementia group than in the dementia-free group (PϽ.001; data not shown), although none of the participants met diagnostic criteria for dementia at the time. We summarized the associations of baseline depressive symptoms with cognitive scores at baseline and over time. Table 2 provides background information for the summary in Table 3 . Results shown for the random-effects models (Table 2 ) are restricted to the terms relevant to the specific comparisons reported herein. These coefficients (time, depression, depression ϫ dementia, depression ϫ time, and depressionϫdementiaϫtime) and their corresponding P values for each cognitive measure correspond to the summary terms and P values shown in Table 3 , as described in the "Methods" section.
Interpretation of Tables 2 and 3 will be illustrated using the learning composite as an example. For associations of depressive symptoms with baseline scores on the learning composite, the coefficient for depression (Table 2) is −0.211, which corresponds to the coefficient under the baseline score for the dementia-free group in Table 3 . The s u m o f t h e c o e f f i c i e n t s f o r d e p r e s s i o n a n d depression ϫ dementia (Table 2 ) is −0.134 and corresponds to the coefficient for the baseline score in the eventual-dementia group in Table 3 . Similarly, for the rate of change in scores over time (ie, decline) on the learning composite, the coefficient for depressionϫtime in Table 2 is −0.012, which corresponds to the coefficient for average decline in the dementia-free group in Table 3 . The sum of the coefficients for depression ϫ time and depressionϫdementiaϫtime in Table 2 is 0.001 and corresponds to the coefficient for rate of change in the eventual-dementia group in Table 3 . Significance levels were calculated as described in the "Methods" section and footnotes to Table 3 .
BASELINE SCORES IN DEPRESSED AND NONDEPRESSED SUBGROUPS
In the dementia-free group, random-effects models showed depressive symptoms to be significantly associated with baseline scores on all composites and the MMSE after adjustment for covariates (age, sex, education, and recruitment status). In the comparison eventualdementia group, depressive symptoms were also associated with significantly lower mean scores on the memory, visuospatial ability, and executive composites but not on the learning or the language composite or the MMSE (Table 3) .
CHANGE AND RATE OF CHANGE IN SCORES OVER TIME IN DEPRESSED AND NONDEPRESSED GROUPS
Duration of follow-up varied among participants from about 2 to about 12 years. Annualized decline on each test, from baseline until the end of follow-up, unadjusted for covariates, was minimal and significantly less on all tests and composites in the dementia-free group than in the eventual-dementia group (PϽ.001, data not shown).
Annualized decline, unadjusted for covariates, was also calculated in the subgroups with and without baseline depressive symptoms in the dementia-free and eventualdementia groups (Table 1) . These raw decline scores are presented to provide clinical context; they are not the outcome variables in the random-effects models reported in the next paragraph. Baseline depressive symptoms were not associated with cognitive decline on any composites in the dementiafree group or the eventual-dementia group (Table 3) . These results are based on random-effects models, including depression, eventual dementia, age, sex, education, and recruitment status, in which the outcome variables were the z scores at multiple waves.
POST HOC ANALYSES
Transient vs Persistent Depression
Random-effects models fit separately for transient depression (depression at wave 2 only) and persistent depression (depression at waves 2 and 3) showed results identical to each other and to the models based on the entire dementia-free subgroup, ie, depression was associated with baseline scores on all composites and the MMSE, but not with decline on any, regardless of whether depression was transient or persistent (data not shown).
Antidepressant Use
The random-effects models for decline were fit once again for each test, including baseline antidepressant use (n=28) as a covariate. In the dementia-free group, baseline MMSE scores were no longer associated with depression after adjusting for antidepressant use. In the eventualdementia group, baseline memory and visuospatial ability composites were no longer associated with depression after adjusting for antidepressant use. Antidepressant use did not change the lack of association between baseline depression and subsequent cognitive decline in either group (data not shown).
Age as Random Covariate
In mixed models treating chronological age at baseline as a random rather than a fixed covariate, results remained unchanged with a single exception: the association between baseline depression and baseline MMSE scores was no longer significant (data not shown).
All models were examined graphically and analytically, and showed good fit.
COMMENT
In a community-based cohort followed up for as long as 12 years, we examined the relationship between depressive symptoms and subsequent cognitive test performance over time, adjusting for the presence of incipient dementia as indicated by eventual development of dementia during follow-up. Among individuals who remained dementia-free for the duration of follow-up, cognitive decline over time was minimal. Despite significant associations with lower baseline scores on all cognitive composites and general mental status, depressive symptoms were not associated with subsequent decline on any of these measures. In the comparison group in whom dementia later developed, marked decline was seen on all tests over time. However, baseline depressive symptoms had no impact on the rate of decline in this group either. Post hoc analyses examining different subgroups did not change these results. Our findings suggest that substantial cognitive decline does not occur in the absence of an incipient dementia, and therefore cannot be attributed to depression.
Several studies, [6] [7] [8] including previous work from the MoVIES cohort, 6 have shown that depression in a cohort as a whole is a precursor/prodrome or a susceptible state for the development of dementia. Depression in conjunction with mild cognitive impairment has been particularly implicated as a prognostic indicator for Alzheimer disease. 38 Unlike previous studies, we were able to examine the effect of depressive symptoms on cognitive decline, independently of the effects of underlying dementing processes that were undetectable at baseline. Although our study participants were all nondemented at baseline, they had up to 12 years of follow-up, during which we could detect subsequent incident dementia and adjust for it in our models. By using random-effects mod- els, we were in effect able to examine the associations between depressive symptoms and subsequent cognitive decline separately in dementia-free and eventualdementia groups.
The absolute amounts of decline were small ( Table 1 ), given that we examined a nonclinical cohort free of dementia at baseline, and that we annualized decline to allow comparisons among individuals followed up for varying lengths of time. This finding is consistent with the previous report that, in the MoVIES cohort as a whole, those who survived for the duration of the study and completed all tests at all waves showed very small changes in mean scores over time. 6 Our previous work also showed that although mean scores remained stable, standard deviations grew progressively larger during the same period, indicating an increase in heterogeneity with aging, even in healthy survivors. 32 The present work suggests that depressive symptoms may help explain group heterogeneity in test scores at any given time, but do not contribute to individual change over time.
Most previous reports [1] [2] [3] [4] [5] 13, 14 have been derived from clinic-based samples of patients with major depression. In a cross-sectional community-based study of younger Swedish adults aged 20 to 64 years, individuals with depressive disorders had impairments in episodic memory and mental flexibility (Trail-Making Test B). 39 Whether clinic or community based, cross-sectional studies have used a variety of different measures of cognitive functioning, making direct comparisons difficult. Furthermore, although the associations between depression and cognitive impairment have been consistently present in these studies, cause and consequence cannot be distinguished. Most prospective clinical studies of patients have had relatively short follow-up periods, eg, 12 weeks of antidepressant drug treatment for major depressive disorder. Remarkably, despite substantial variation in study populations, design, and assessments, most investigators have detected associations between depression (whether syndromes or symptom measures) and measures of memory and/or executive functioning. It has been suggested that the underlying impairment is slowed information processing 2 and, because the deficits persist after successful treatment of depressive illness, that they might represent traits or reflect underlying cortical or subcortical degenerative or vascular disease. 13, 40, 41 Other hypothesized causal mechanisms include disruptions to the hypothalamic-pituitary-adrenal axis in depression, with adverse consequences for hippocampal integrity and neurogenesis. 9, 42 Depressive symptoms detected in epidemiological studies of the population at large may represent a milder and less homogeneous affective state than that of patients with major depression seeking treatment in psychiatric facilities. One previous population-based prospective study of 1600 older adults in France found that high CES-D scores did not predict cognitive decline (defined as the loss of Ն5 points on the MMSE) over 3 years. 43 In another prospective epidemiological study in the Netherlands, with a sample of 500 persons 85 years and older, those with depression at baseline did not show significantly accelerated cognitive decline during follow-up. 44 Like cross-sectional studies, longitudinal studies of shorter duration could fail to detect and adequately control for incipient dementia. Here, our considerably longer follow-up confirms strong cross-sectional associations of depression symptoms with all cognitive composites in those who remained dementia free, but finds no associations with subsequent decline on any of them. However, depressive symptoms are a significant predictor of mortality, 45 albeit not necessarily in the short term from wave to wave. It is possible that lack of decline over time represents survivor bias in many of these studies, ie, those who died during follow-up might have been the ones who would have declined had they survived. Only 1 prospective community-based study 46 found a significant association between depressive symptoms and cognitive decline. That study, with an overall approach similar to ours, followed up 4392 older adults in the Chicago, Ill, area (Table 2) , ie, coefficient for depression represents association of depression with the baseline score; coefficient for depression ϫ time represents association of depression with the rate of change over time.
†Coefficient is calculated by summing coefficients for depression and depression ϫ dementia terms for associations of depression with baseline scores. P value is calculated by examining the difference in −2 log likelihood ratio statistics ( 2 test with df of 2) before and after including those 2 terms. ‡Coefficient is the sum of coefficients for depression ϫ time and depression ϫ dementia ϫ time terms for association of depression with rate of change in scores over time. P value is calculated by examining the difference in −2 log likelihood ratio statistics ( 2 test with 2 df) before and after including these 2 terms.
